























materials	 hold	 great	 promise,	 as	 confirmed	 by	 perovskite	 oxide	 superlattices	 with	
compositional	substitution	used	to	artificially	break	the	structural	inversion	symmetry	
[5,6,7,8].	Bringing	 this	 concept	 to	 the	ultrathin	 limit	would	substantially	broaden	 the	
range	of	materials	and	functionalities	that	could	be	exploited	in	novel	nanoscale	device	
designs.	Here,	we	report	that	non-zero	electric	polarisation	can	be	induced	and	reversed	
in	 a	 hysteretic	 manner	 in	 bilayers	 made	 of	 ultrathin	 insulators	 whose	 electric	
polarisation	 cannot	 be	 switched	 individually.	 In	 particular,	 we	 explore	 the	 interface	
between	 ionic	 rock	 salt	 alkali	 halides	 such	 as	NaCl	 or	KBr	 and	polar	 insulating	 Cu2N	
terminating	bulk	copper.	The	strong	compositional	asymmetry	between	the	polar	Cu2N	
and	the	vacuum	gap	breaks	inversion	symmetry	in	the	alkali	halide	layer,	inducing	out	














atomically	 thin	 layers	 when	 deposited	 on	 Cu2N/Cu(001).	 With	 atomically	 resolved	 STM	
imaging	and	from	a	comparison	to	prior	STM	and	density	functional	theory	(DFT)	calculations	
of	NaCl	[15]	and	Cu2N/Cu(001)	[16],	it	is	possible	to	determine	the	binding	geometry	of	NaCl	
layers	 on	Cu2N/Cu(001).	 Figure	1b	 shows	 that,	 at	 large	negative	bias	 voltages,	 bright	 spots	
corresponding	to	Cl	atoms	in	the	NaCl	monolayer	appear	on	top	of	hollow	sites	of	Cu2N,	while	










the	 N	 should	 therefore	 result	 in	 the	 most	 energetically	 favourable	 configuration.	 DFT	
calculations	confirm	that	 this	 is	 the	minimum	energy	configuration	(Supplementary	Table	1	
and	Supplementary	Discussion).	
	
In	 addition,	 the	 DFT	 calculations	 suggest	 that	 there	 is	 negligible	 electronic	 rearrangement	
































(lower	 electric	 field)	 and	 another	 at	 smaller	 Dz	 (higher	 electric	 field).	 The	 two	 states	 are	




For	 a	 constant	 z0,	 Dzc	 increases	 linearly	 as	 V	 increases	 (Fig.	 2b),	 suggesting	 that	 this	
phenomenon	is	induced	by	a	critical	electric	field	strength	EC	[18].	Fitting	the	points	to	a	linear	
trend	yields	EC	of	the	order	of	10	GV/m;	this	remains	relatively	constant	over	a	specific	NaCl	
bilayer	 on	 Cu2N	 region,	 but	 can	 vary	 by	 up	 to	 50%	 for	 different	 tips	 and	 different	 surface	
regions.	We	estimate	that	the	tip	is	approximately	3	Å	above	the	outer	NaCl	layer	at	regular	
scanning	conditions	(Vset=-1.3	V,	Iset=50	pA),	making	it	possible	to	approach	the	surface	without	












In	a	simple	1D	model	 for	 tunnelling,	 the	decay	rate	of	 the	 tunnelling	current	 is	 fixed	by	 the	
tunnelling	barrier	height,	which	in	turn	is	related	to	the	surface	dipole	moment	through	the	




thus	 be	 understood	 in	 terms	 of	 tunnelling	 electroresistance	 TER	 [20,21,22],	 where	 the	
tunnelling	barrier	is	modified	when	the	polarisation	in	the	rock	salt	layer	is	abruptly	reversed.	
Since	methods	used	 to	characterise	polarisation	switching,	 as	observed	 for	example	 in	bulk	
ferroelectric	materials,	are	difficult	to	extend	down	to	nanoscale	dimensions,	STM-based	TER	




where	 z	 is	 kept	 constant	while	 changing	V.	 This	 further	 substantiates	 that	 the	 polarisation	
reversal	is	purely	driven	by	the	external	applied	electric	field.	
	
Corresponding	measurements	 of	 the	 electrostatic	 forces	were	 performed	by	means	 of	AFM	
(Supplementary	 Methods).	 Figure	 3a	 and	 Supplementary	 Fig.	 4c	 show	 the	 characteristic	
parabolic	 variation	 expected	 in	 Kelvin	 probe	 measurements	 of	 the	 shift	 in	 the	 resonance	
frequency	Df	of	the	oscillating	AFM	cantilever	with	voltage	[23].	As	with	the	tunnel	current,	a	
transition	 in	Df	 occurs	at	 a	 critical	bias,	observed	as	a	dramatic	 change	 in	Df	 at	 a	 threshold	
















KBr/Cu2N/Cu(001)	 system	 (Supplementary	 Fig.	 4a)	 makes	 performing	 similar	 DFT	
calculations	beyond	the	scope	of	this	work.	In	NaCl,	the	rumpling	is	reversed	for	fields	larger	
than	approximately	5	GV/m,	with	the	Na	cations	shifting	to	a	higher	height	than	the	Cl	anions.	




the	modification	of	 tunnelling	barrier	(Fig.	4c,d)	as	well	as	a	concomitant	change	 in	 the	 tip-












the	 two	 dipole	 orientations	 is	 stabilised	 in	 the	 absence	 of	 the	 critical	 electric	 field	 at	 the	

















In	 summary,	we	have	demonstrated	 the	possibility	 to	 induce	and	switch	 the	polarisation	 in	
atomically	 thin	 layers	 of	 a	 normally	 non-polar	 compound	 (NaCl	 and	 KBr)	 when	 placed	 on	
another	 atomically	 thin	 polar	 insulator	 (Cu2N)	 above	 a	 metallic	 electrode.	 Atomically	 thin	
insulators	like	Cu2N	also	allow	the	polarised	layer	to	be	in	close	proximity	to	an	electrode,	which	
is	 necessary	 for	many	device	 designs.	While	 a	 scanning	 probe	 tip	was	 used	 to	 produce	 the	
critical	 electric	 field	 required	 to	 induce	 polarisation	 switching,	 the	 extended	 nature	 of	 the	
induced	switching	suggests	that	a	similar	result	can	be	induced	with	a	fixed	electrode,	as	would	
be	 found	 in	 traditional	 device	 designs.	 The	 observed	 change	 in	 the	 surface	 electrostatic	
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 = 0.8 V
(1/k2) = 1.59 Å




























 = 1.2 V
(1/k1) = 0.87 Å
(1/k2) = 1.67 Å
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